Wear is the major mode of failure in machine components made out of polymer and its composites. The low thermal conductivity of the polymer causes heat accumulation near the contact surface and the resulting thermal softening accelerates the wear. In this research work, an attempt is made to enhance the thermal conductivity and wear resistance of the polymer composite using the network reinforcement. Two different composite specimens were prepared with an equal quantity of reinforcement with different geometric form -one with discrete particles and another with the interconnected network. The thermal conductivity and tribological properties of the composites were measured. In particle reinforced composite, the presence of low thermal conductive matrix between the discrete particles act as a barrier for heat conduction and does not enhance the thermal conductivity considerably. In the case of network reinforced composite, the three-dimensional continuity provides an effective heat transfer path and increases the thermal conductivity significantly. The reinforcement in the form of network reduces the wear significantly compared to discrete particle form. The struts in the network reinforcements enhance the strength and arrest the removal of material from the surface.
Introduction
In recent decades, polymeric materials find significant importance in structural applications due to their beneficial characteristics. However, the application of these materials is limited due to its low strength, stiffness and thermal conductivity. One of the major modes of failure in polymeric machine components such as bushes, gears, etc., is wear and is influenced by the surface temperature (Vizintin et al., 2004; Senthilvelan and Gnanmoorthy, 2006) . The rate of material removal from the surface is inversely proportional to the hardness of the material (Vizintin et al., 2004) and, hence, the machine components made of soft polymer undergo significant wear during service compared to that of metals. The friction between the meshing components results in frictional heating and the low thermal conductivity of the polymer leads to heat accumulation near the contact surface (Srinath and Gnanamoorthy, 2005; Gurunathan, et al., 2014) . The local temperature rise results in softening of polymeric materials compared with the metallic materials and affects the wear behavior (Finney, et al., 2010) . Hence, in order to enhance the wear resistance of polymer and its composites, there is a need to reduce the surface temperature in addition to high strength and stiffness. Several researchers had studied and improved the critical properties of the polymer using different types of reinforcement materials in various geometric forms (Friedrich, et al., 2005) . The degree of enhancement in the properties of Polymer Matrix Composites (PMC) largely depends on the orientation of the reinforcements. Many researchers reported that the discontinuity in the reinforcement adversely affects the thermal conductivity of composite material (Chen, et al., 2016) . Recently, researchers have been attempting to use nature-inspired reinforcement structure to overcome the limitations associated with the particle discontinuity. This new class of reinforcement has three-dimensional continuity in its microstructure and act as a network-reinforcement for the development of an emerging class of new inter-penetrating composite materials (Cree and Pug, 2011) . The 3D interpenetrating network reinforcements were also attempted to improve the performance of composites (Cree and Pug, 2011; Chang, et al., 2010) . It is reported that the reinforcement with interconnected network morphology enhances the thermal conductivity, reduce the coefficient of friction and wear rate (Ji, et al., 2014) . The interpenetrating network structure of carbon derived from natural sponge increases the thermal diffusivity, reduce the coefficient of friction and wear in epoxy resin (Tianchi, et al., 2010) . The numerical studies conducted on the network reinforced composite reveals that the three-dimensionally continuous reinforcement morphology reduces the surface temperature significantly (Gurunathan, et al., 2016) .
In this research work, a numerical and experimental studies were performed to understand the effect of reinforcement continuity on the thermal and tribological behavior of polyester composites. The transient temperature distribution near the contact surface of the composite was studied using the finite element analysis of simplified representative volume element. In experimental studies, two composites were prepared with equal quantity (by weight) of reinforcement and having different geometric forms. The thermal conductivity of the developed polyester composites was measured as per the ASTM standard and results are reported in comparison with the neat polyester. The friction and wear characteristics of the composites were studied under pure sliding condition in a pin-on-disc tribometer and the micro mechanism of wear were described here.
Material modeling and numerical analysis 2.1 Geometric modeling of reinforcement forms
A simplified geometry comprising of a Representative Volume Element (RVE) is considered to study the effect of selective reinforcement in machine components. The RVEs are developed in the commercial solid modeling package, Autodesk Inventor and are shown in Figure 1 . The dimensions of RVEs in X, Y, and Z directions are 2, 2 and 20 mm respectively. Figure 2 shows the images of the aluminium particles and aluminium foam used in this study. The aluminium particles are irregular in shape. However, for ease of modeling and to have better control over the design parameters of selective-reinforcement concept (Gurunathan, et al., 2014) , a square pyramid shape was considered in this study. As per the information provided by the manufacture, the supplied particles have various sizes. Nearly 80% of the particles are in the range of 75 μm to 200 μm, 15% of the particles are < 75 μm size and 5% are > 200 μm up to 400 μm. As described in literatures (Chen, et al., 2016) , close packing of large size particles results better heat conduction and, hence, the particles were modeled with a uniform edge size of 400 μm and were arrayed to have a maximum possible close packing configuration in the depth direction (Z axis). The commercially available open-cell porous metals are having necessary microstructure/morphology and were used as reinforcements in the current investigation. The space-filling Kelvin cell shape was used by few researchers to represent the morphology of the porous/foam material and it successfully captures the behavior of open-cell foam in finite element analysis (Rahul and Hareesh, 2009 ). The modeling of Kelvin cell is described elsewhere (Gurunathan, et al., 2016) and is used in the current analysis. In this present work, an array of Kelvin cell was modeled to represent the network reinforcement. The volume fraction of the reinforcements plays a significant role in governing the mechanical properties of the composite material. Hence, the RVEs with reinforcements were carefully modeled to have an equal reinforcement volume fraction. However, the difference in geometric shape results in different area coverage by the reinforcements at the contact surface. Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
Finite element analysis and verification
The RVEs were modeled in a commercial solid modeling package, Autodesk Inventor and then imported into the commercial finite element analysis package, ANSYS for analysis. Different regions of the RVEs were meshed with different size elements (fine and coarse) to reduce the computation time without influencing the results. The 20-node thermal solid element is used to mesh the reinforcement and matrix. The 10-node tetrahedral thermal solid element was used in the geometry transition regions. The thermal surface element was used in the contact regions to facilitate the application of a heat flux boundary condition. The conformal meshing method was used and this creates the node sharing interface between the reinforcement and matrix. The meshed RVE has 82778 nodes and 51804 solid elements. Machine components undergo frictional heating during service and, hence, the transient thermal analysis was performed to study the effect of reinforcement form in heat conduction. The contact surface of the RVE was applied with 30 kW/m 2 heat flux and all other surfaces of RVE were treated as insulated (Bode and Ostermeyer, 2014) . The material properties obtained from the standard finite element analysis material database were used (Table 2). Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
The analytical solution of the heat diffusion equation with a constant heat flux boundary condition (Neumann condition) was used to verify the developed RVEs. The temperature at any time, t, and at any depth, z, is given by, (Rohsenow et al., 1998) ,
where, erfc is a complementary error function, q" is heat flux at the contact surface, Ti is the initial temperature of the RVE and z is the distance from the contact surface. Presence of reinforcement in the matrix makes the composite a heterogeneous solid. However, for verification, the reinforcement was assigned with matrix material properties and then appropriate material properties were assigned to study the effect of reinforcement form. The temperature estimated in developed RVEs have a close agreement with the analytical equation with a deviation of about ±0. 1%.
Experimental details 3.1 Specimen preparation
The neat polyester specimen was prepared by mixing the measured quantity of commercially available polyester resin (Aropol resin manufactured by M/s. Ashland) with the measured quantity of catalyst (cobalt octoate -2% by resin weight) and accelerator (methyl ethyl ketone peroxide -1% by resin weight). The chemicals were mixed thoroughly using the mechanical stirrer placed inside the glove box in an argon atmosphere and then poured into the mold. The liquid resin hardens due to the exothermic reaction of chemicals. The mold was taken out of the glove box after 30 min and allowed to cure under laboratory atmosphere for 24h. The aluminium foam manufactured by M/s. ERG Aerospace, USA was used in this study as network-reinforcement. The network-reinforcement was cleaned using the laboratory grade acetone in an ultrasonic cleaner and then placed at the bottom of the mold. The polyester resin was mixed with a measured quantity of chemical as described above and then poured over the network-reinforcement. The low viscosity resin fills the voids of network-reinforcement placed at the bottom of the mold and then fills the mold completely. The aluminium particles (nearly 80% of the particles are in the range of 75 μm to 200 μm, 15% of the particles are < 75 μm size and 5% are > 200 μm up to 400 μm) obtained from the M/s. Mepco Industries, India was used as particle reinforcement in this study. The particles were uniformly dispersed in the resin using the mechanical stirrer and then the catalyst is added to the mixture. Finally, the accelerator was added and then the mixture was poured into the mold. Uniform dispersion of aluminium particles increases the thermal conductivity of the resin considerably and, hence, the resin hardens rapidly after the addition of the accelerator. The large molded blocks of size 48mm x 48mm x 50mm were cut into small square bars using a precision cutting machine and then made into cylindrical specimens having 6 mm diameter and 10 mm length using the CNC lathe. The test specimens used for measuring the thermal conductivity are shown in Figure 3 . The reinforced test specimens were made to have an equal quantity (by weight) of aluminium throughout the specimens. The particle and network reinforced specimens contain 13.8% and 10.2% of reinforcement (by weight) respectively. The reinforcements are clearly visible at the contact surface of the composite specimens ( Figure 4 ). The optical images were analyzed using the open source software, ImageJ®. In Figure 4 , the black color represents the reinforcement region and the white color represents the matrix region. Thermal Diffusivity, α (x10 -7 m 2 /s) 1.13 868 Table 2 Properties of materials used for finite element analysis (MatWeb, 2014) . Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
Thermal conductivity measurement
The test setup developed in-house based on the guarded-comparative-longitudinal heat flow technique (ASTM E1225) was used to measure the thermal conductivity of the test specimens. In this method, the test specimen was kept in-between the meter bars of known thermal conductivity and the stack was mounted in-between the heater on one side and a heat sink on the other side. The test stack was placed within the insulating medium to prevent the heat loss and also to establish an approximate linear thermal gradient from the heating end to the cooling end of the stack. Figure 5 shows the schematic representation of the guarded-comparative-longitudinal heat flow setup used for the thermal conductivity measurement. The commercially available cast nylon having the thermal conductivity of 0.25 W/m K was used as the meter bar in the form of a cylinder having 6 mm in diameter and 10 mm in length. The temperature of the test specimen Fig. 3 Test specimens used for the thermal conductivity measurement. (a) neat unsaturated polyester specimen (neat UPE), (b) particle reinforced polyester specimen (UPE+PR), and (c) network reinforced polyester specimen (UPE+NR). Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
and meter bars were measured after reaching a steady state condition (after 3h) using the thermocouple at the known locations. The thermal conductivity of the test specimen was calculated from the measured temperature following the ASTM standard.
Pin-on-disc experiment
The conventional pin-on-disc test rig was used to study the friction and wear characteristics of the developed composite materials. Figure 6 shows the schematic representation of the pin-on-disc test setup used in this study. The test pins were made to slide over the hardened steel disc having a surface roughness of 4 μm. The surface temperature of the specimen was measured using the infrared camera (Sonel KT-160A) having a resolution of 160 x 120 pixels. The frictional force, wear and the temperature of the test specimen were continuously observed and recorded. A digital microscope was used to observe the deposition of wear debris and the formation of transfer film on the disc surface. The specimen was made to slide on the disc for 3000 m with a sliding velocity of 2.5 m/s (disc speed of 600 RPM) and under the constant normal load of 10 N. The contact surfaces were examined using the digital microscope for understanding the formation of the transfer layer. Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
Results and discussion 4.1 Thermal conductivity and temperature distribution
Uniform temperature distribution results in homogeneous solids under the uniform boundary condition. However, the heterogeneous solids such as composite materials under uniform boundary condition, result in non-uniform temperature distribution at the matrix and reinforcement region due to the difference in thermal conductivity of individual constituents. Hence, the area-weighted average temperature is computed to represent the temperature over the area with non-uniform temperature profiles. The nodal temperature values obtained from the finite element analysis were weighted by the amount of element face area associated with each node to compute the area weighted average temperature. A subroutine was developed in ANSYS Parametric Design Language (APDL) to compute the area weighted average and the results are shown in Figure 7 . The surface temperature is high in the neat RVE compared to the selective reinforced RVEs. Reinforcement in the form of interconnected network reduces the surface temperature significantly compared to the discrete particulate form. The nodal temperature distribution at a plane passing through the center of the RVE is shown in Figure 8 . The low thermal conductivity of the neat polymer causes a high-temperature gradient within the neat RVE near the contact region and reduces to reference ambient temperature at a depth of approximately 5 mm. The particle reinforcement reduces the surface temperature and also the temperature gradient considerably. The temperature distribution within the particle reinforced RVE is nearly similar to that of neat RVE and finally reaches the reference temperature. The network-reinforcement significantly reduces the surface temperature and alters the temperature distribution within the RVE. It reduces the temperate gradient within the RVE and the temperature distribution is almost uniform throughout the reinforcement region. This uniform temperature distribution can prevent localized temperature rise and thermal softening. This is beneficial to retain the strength of the polymer and can prevent thermally accelerated wear. The temperature in network-reinforcement is marginally higher beyond the reinforcement region compared to neat RVE and then reduces to the reference temperature. It is clear from the figures that the proposed selective reinforcement approach significantly reduces the temperature near the contact region and the maximum reduction is achieved at the contact surface. The temperature reduction at the contact surface is significant for the network reinforcement compared to particle reinforcement. The high thermal conductivity of reinforcement facilitates effective heat transfer within the RVE and reduces the heat accumulation and surface temperature. Figure 9 shows the thermal conductivity of the test specimens measured in the laboratory. It is clear from the figure that the neat polyester has a low thermal conductivity (0.263 W/m K). Addition of discrete particles increase the thermal conductivity marginally. However, the network-reinforcement increases the thermal conductivity by nearly three times. In particle reinforced composite, the high thermal conductive particles are separated by the low thermal conductive polymer matrix. The heat transfer is effective in high thermal conductive particles and ineffective in the polymer. Hence, the particle reinforced composite has a thermally conductive path with a series of alternate low thermal resistance (particle) and high thermal resistance (matrix). Study of thermal resistance using electrical analogy shows that the overall resistance depends on the magnitude of each resistance in the heat flow direction and significantly governed by the magnitude of highest resistance. Presence of high resistance significantly increases the overall resistance of the series circuit. Thus, in particle reinforced composite, the heat transfer is not that effective. However, it is better compared to neat polymer. For a given reinforcement volume fraction, low thermal resistance and effective heat transfer can be achieved by placing a large number of particles close to each other. However, the close packing of particles can result difficulty in material processing and loss of structural rigidity. Hence, there should be sufficient matrix around the reinforcement to hold the reinforcement in place. Thus, it is practically not possible to increase the thermal conductivity beyond a certain limit in particle reinforced polymer composites. During operation, there is a possibility of particle dislodgement from the contact region of the particle-reinforced composite. However, this possibility is completely eliminated in network-reinforcement. The network reinforcement has the three-dimensional continuity and eliminates the intermittent low thermal conductive matrix. Hence, the composite with network reinforcement has two thermal conductive paths connected in parallel. One path has a low thermal resistance (interconnected network) and another has a high thermal resistance (matrix). In a parallel circuit, the presence of high resistance does not increase the overall resistance and, hence, the heat transfer is effective in network reinforcement. Moreover, the struts in the network reinforcement spread within the matrix in a systematic manner and absorb the heat from the matrix and contribute effectively in heat transfer. Thus, the three-dimensional continuity of network-reinforcement significantly reduces the heat accumulation and surface temperature. In composite with network-reinforcement, the temperature is less at the contact surface compared to neat composite. However, at the end of the reinforced region, it is marginally higher. Fig. 7 Area-weighted average temperature at the contact surface of neat unsaturated polyester (neat UPE), particle reinforced polyester (UPE+PR) and network reinforced polyester (UPE+NR) RVEs. Fig. 9 Measured thermal conductivity of neat unsaturated polyester (neat UPE), particle reinforced polyester (UPE+PR) and network reinforced polyester (UPE+NR) test specimens. Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
Friction and wear characteristics
The variation in coefficient of friction with sliding distance and the average coefficient of friction in different test specimens are shown in Figure 10 . The neat specimen has a higher coefficient of friction compared to the composite specimens. The friction in network reinforced specimen is marginally higher compared to that of particle reinforced specimen. The deposition of wear debris at the contact surface of pin and the formation of transfer layer play a significant role on the friction and wear characteristics of polymeric material. The vertical displacement of the test specimen due to wear during sliding is shown in Figure 11a . The specific wear rate of the test specimen was calculated from its density and mass loss during sliding and the same is shown in Figure 11b . The neat polyester specimen undergoes severe wear compared to the composite specimens. The wear in the network reinforced specimen is significantly less compared to the particle reinforced specimen. The hardness of the polyester and aluminium struts were measured using the Vickers hardness test and are having 23 HV and 89 HV respectively. The presence of relatively high hardness material at the contact surface reduce the wear in composite specimens.
The worn surface of the test specimen was examined using SEM and the micrographs are shown in Figure 12 . The contact surface of the neat polyester specimen has deep grooves/severe wear marks and wide patches of transfer layer formed due to the deposition of wear debris (Figure 12a ). Deep grooves indicate the occurrence of severe plowing action by the disc asperity and subsequent material removal. The severe plowing action causes high friction and results in severe frictional heating and wear. The high interface temperature softens the polymer and enhances the transfer layer formation. The deposition continues with sliding and after reaching certain thickness the layer dislodged from the surface and causing a stick-slip phenomenon in neat polyester specimen. In the case of particle-reinforced polyester, the contact Fig. 10 (a) variation in coefficient of friction with sliding distance, and (b) average coefficient of friction of neat unsaturated polyester (neat UPE), particle reinforced polyester (UPE+PR) and network reinforced polyester (UPE+NR). surface is covered with a uniform layer of polymer and the wear marks/grooves are not deep (Figure 12b ). The EDS analysis of the polymer layer present at the worn surface of particle-reinforced specimen reveals the presence of submicron size aluminium particles. During sliding, the asperities present in the disc plow the matrix and forms a thin layer of polymer layer. The microscopic observation reveals that the disc surface has a thin and stable transfer layer, contrary to the neat polyester with thick nonuniform layers. The formation of the transfer layer with the submicron size metal particles at the contact surface of particle reinforced specimen prevent the plowing action and results in the reduced friction. In case of network-reinforced polyester, the polymeric wear debris formed at the matrix-disc contact region is arrested by the struts (Figure 12c) . The interface temperature softens the debris and the sliding action causes its flow inbetween the disc and strut. Thus, the wear debris forms a thin transfer layer over the struts and prevents direct metal-tometal contact. This results in a reduced friction in network-reinforced composite.
The frictional heat generated at the interface is directly proportional to the coefficient of friction between the mating surfaces (Vizintin et al., 2004) . Hence, the neat polyester with a higher coefficient of friction results in higher heat generation compared to that of composite specimens investigated. The thermal conductivity of the specimens plays a major role in transferring the generated heat away from the contact surface. The low thermal conductivity of neat polyester causes the generated heat to accumulate near the contact surface and results in significant raise in the surface temperature. The video recorded using the infrared camera was post-processed to estimate the temperature raise at the point P1 on the specimen surface. Figure 13 show the schematic of temperature measurement point (P1) located at the contact surface of the specimens and the corresponding temperate raise respectively. The temperature measurement using the infrared camera is dependent on the emissivity of the material. In this study, all the temperature measurements were made with a contact emissivity of 0.98. Figure 13 represents the temperature raise at the specific point (P1) with respect to its initial temperature (room temperature). This eliminates the effect of different emissivity in comparing different test specimens to some extent. In all the cases shown in Figure 13 , the temperature increases with the increase in sliding distance. In neat polyester pin, the higher coefficient of friction results in higher heat generation and the lower thermal conductivity results in heat accumulation near the contact surface. These result in significantly high temperature raise at the contact surface. In the case of particle-reinforced specimen, the coefficient of friction is relatively less and, hence, the frictional heat generation is relatively less. The marginally higher thermal conductivity (compared to that of neat polyester) transfers the heat into the specimen i.e., farther away from the contact surface, and results in a lower surface temperature compared to that of the neat polyester specimen. Though the network-reinforced specimen has a marginally higher coefficient of friction (compared to that of the particle-reinforced specimen), the three-dimensional continuity in the reinforcement geometry effectively transfers the frictional heat away from the contact surface, reduces the heat accumulation and thereby results in lower surface temperature compared to other specimens. Thus, for the given volume of reinforcement, the network-reinforcement reduces the heat accumulation near the contact surface and effectively reduces the surface temperature raise compared to the particle-reinforcement. The reduction in surface temperature reduces the thermal softening of polymer near the contact surface and this phenomenon is beneficial to reduce the wear rate. Narrow transfer layer Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej.18-00548]
The friction force has two major components namely adhesive component and the deformation component. The adhesive action occurs at the surface and the deformation action occurs at the surface and subsurface region (Vizintin, et al., 2004) . The hard asperities present in disc surface penetrates the soft polymer surface and the relative sliding causes the plowing action. The repeated plowing action weakens the polymer surface. In few regions, the polymer severely adheres to the asperities and the relative motion breaks the adhesive junction by shearing and causing the deposition of polymer on the disc. This increases the adhesive mode of wear at the disc-pin contact regions. The frictional heating and subsequent temperature raise soften the polymer surface and contribute to the increased adhesion. Thus, the friction and wear increase with the sliding of the neat polyester specimen. In particle-reinforced specimen, the reinforcement particles cover a considerable area of the contact surface and they come in direct contact with the disc. The reduced disc-polymer contact area results in reduced plowing regions and results in reduced friction and wear. The formation and subsequent breakage of junctions between the particles and disc asperity produces submicron size metallic wear particles. These particles combine with the softened polymer and deposits on the contact surface of the specimen. The formation of the thin transfer layer on the disc reduces the adhesive action and the formation of a thin coating at the contact surface of the specimen reduces the plowing action. Hence, the particle-reinforced specimen results in reduced friction and wear. However, in a few regions, these coatings are removed due to the abrasive action of the macro size particles exposing the matrix to undergo plowing action by the disc asperity. In addition to this, the three-body abrasion occurs in the particlereinforced pin. The geometric discontinuity of the particles transfers the load to the underlying matrix. The nonuniform edges of the particle cause severe stress concentration at the particle-bearing regions of the matrix. The friction between the particle and disc tends to move the particle from its position. The higher thermal conductivity of the particle transfers the heat from the contact surface to the stress concentration region (particle-bearing region of the matrix) causing the matrix to lose its strength. The soft polymer loses its ability to retain the particle in place and the friction force tends to move the particle from its place causing a severe plowing action. Eventually, the particle is swept away from its place and result in considerable wear in the particle-reinforced specimen. Thus, in the particle-reinforced pin, protective action (formation of thin surface coating) and detrimental action (particle plowing) occurs together. In network-reinforced pin, the matrix covering the reinforcement undergo severe wear during the initial stages and exposing the network to come in contact with the disc. The higher hardness of the network-reinforcement reduces the wear rate thereafter. The threedimensional continuity in network-reinforcement increases the stiffness locally and enhances the deformation resistance near the contact region. This enhanced stiffness prevents the bulk shearing of matrix material in the sliding direction. The struts at the contact surface restrict the wear debris to enter the interface region and prevent large deposition of wear debris at the interface. This reduces the adhesive component of friction and therefore the adhesive mode of wear in the matrix. The deformation of the material increases the real area of contact and results in increased friction and wear (Vizintin, et al., 2004) . The reduced strength and stiffness of the neat polyester due to the accumulated heat cause a large deformation at the contact region and result in high friction and wear. The interconnected microscopic structural morphology of network-reinforcement reduces the load on the matrix and thereby prevents a large matrix deformation near the contact region (cohesive region). This significantly reduces the deformation component of the friction in the network-reinforced specimen. The interconnectivity in the network-reinforcement increases the deformation resistance Gurunathan and Gnanamoorthy, Mechanical Engineering Journal, Vol.6, No.3 (2019) [DOI: 10.1299/mej. and retains the reinforcement in place compared to particle-reinforcement, hence, the wear is considerably less in former compared to the later. In addition, the increased thermal conductivity of the network-reinforcement reduces the heat accumulation at the cohesive region and thereby contributes to wear resistance.
Conclusions
The effect of reinforcement form in temperature distribution under sliding condition was studied using the transient thermal finite element analysis. The selective reinforcement near the contact surface reduces the surface temperature. The three-dimensional continuity in network reinforcement provides effective heat conduction path and reduces the surface temperature significantly compared to that of particle reinforcement. The pin-on-disc tribological test reveals that the presence of reinforcement reduces friction and wear. The formation of a uniform transfer layer at the contact surface of particle reinforced pin prevents direct disc contact and results in reduced friction and wear compared to neat polyester. The formation of the thin polymer layer over the strut in the network reinforced composite prevents metal-to-metal contact and reduce the friction. The high hardness of reinforcement reduces the wear in composite specimens. The interconnectivity in the network reinforcement increases the deformation resistance and retains the reinforcement in place to slide against the counterface. The enhanced thermal conductivity of the network reinforcement reduces the heat accumulation at the surface and results in significant reduction in wear. Thus, for the given volume of material, the threedimensionally interconnected network reinforcement has superior thermal and tribological performance compared to the discrete particle reinforcement and neat polymer.
